culture or coagulant, at dry salting, and directly into a cheese block (Wilkinson & Kilcawley 2005) . Addition to cheese milk appears to be the best stage for enzyme incorporation due to the homogeneous mixing of the enzyme with the milk and its subsequent transfer to cheese curd. However, most of the enzyme added to the milk is lost in the whey and proteolytic enzymes degrade caseins to peptides that are lost in the whey, which results in a reduction of cheese yield (Upadhyay & McSweeney 2003) . Some commercial products are available for accelerating cheese ripening, however little data exist in relation to their partitioning or retention within cheese curd during ripening (Wilkinson & Kilcawley 2005; Doolan et al. 2014) .
Various researchers have focused their work on accelerating lipolysis in Cheddar cheese by the use of exogenous lipases or enzyme preparations containing lipases (Upadhyay & McSweeney 2003) . On the other hand, considering that proteolysis is the major biochemical process occurring during the ripening of some important cheese varieties such as Cheddar, Gouda, and Italian-type cheeses, most enzyme preparations used to accelerate ripening contain proteinases and peptidases (Upadhyay & McSweeney 2003) . Most peptidases used to date are aminopeptidases, but few carboxypeptidases have been assessed in cheese ripening which cleave amino acids from the C-terminus of peptides (Kilcawley et al. 2002) .
Reggianito is the most important hard cheese produced in Argentina and is one of the most frequently exported cheeses to different countries such as USA, Brazil, Chile, and Russia (M.A.G. y P. 2010; http:// www.minagri.gob.ar/site/index.php). Italian immigrants in the late 19 th and early 20 th centuries developed a distinctive product inspired by Italian hard cheeses. Reggianito cheese has higher moisture and fat contents, and a shorter ripening period than Italian hard cheeses (Zalazar et al. 1999) , and it is manufactured with pasteurised cow's milk and natural whey starter mainly composed by lactobacillus helveticus (66%) and lactobacillus delbrueckii subsp. lactis (33%) (Reinheimer et al. 1996) . It is a cheese generally ripened at 11-13°C at 82-85% relative humidity for six months. Studies have been carried out to accelerate Reggianito cheese ripening, principally by elevating the storage temperature (Sihufe et al. 2007 (Sihufe et al. , 2010a . These studies identified that the optimal time for Reggianito Argentino cheese at 18°C ranged between 2 and 3 months. However, information about the use of exogenous enzymes to accelerate the ripening of Argentinean hard cheeses is limited. The use of carboxypeptidase may offer an interesting alternative to favour the pathways for the amino acid formation, and therefore to accelerate flavour development.
The objective of this study was to evaluate the effect of the addition of an exogenous carboxypeptidase on Reggianito cheese proteolysis.
MAtERiAl And MEthods
Cheesemaking. Four different cheese batches were prepared in a pilot plant of INTI (National Institute of Industrial Technology, Rafaela, Argentina) by experienced technicians and following the procedure proposed by Gallino (1994) using pasteurised cow's milk (fat 21.7 ± 1.2 g/l; protein 31.9 ± 0.0 g/l; lactose 46.8 ± 0.0 g/l; pH 6.60 ± 0.01). Commercial chymosin was used as a rennet (13 g/1000 l of milk). The starter medium is whey-based and is mainly composed of lactobacillus helveticus and l. delbrueckii subsp. lactis (Reinheimer et al. 1996) . The general procedure to obtain this natural whey starter and the volume used to inoculate milk were detailed by Sihufe et al. (2012) . Free enzyme preparations (Accelerzyme ® CPG, purified enzyme preparation derived from aspergillus niger, > CPGU/g; DSM Food Specialties, Heerlen, The Netherlands) were added to cheese milk with the starter culture. The following enzyme treatments were used: control cheeses without enzyme addition (C), cheeses with 5 g enzyme/100 l milk (E1), cheeses with 10 g enzyme/100 l milk (E2), and cheeses with 20 g enzyme/100 l milk (E3). Cheeses (cylindrical shape and approximately 8 kg weight, 24 cm diameter, and 12 cm height) were salted by immersion in a saturated NaCl solution at 12°C for 8 days and ripened at 13°C and 85% RH. Samples were obtained at 0, 60, 90, 120, 150, 180 , and 210 days of ripening.
Initial composition. After manufacturing (day 0), cheeses were analysed to determine their initial composition: moisture (ISO 2004) , NaCl (ISO 2006 ), protein (ISO 2001 , fat (IRAM 1988), and pH (ISO 2004) .
Sample analysis. Samples were analysed to determine pH and moisture content (ISO 2004) . Maturation was evaluated by the determination of water-soluble nitrogen at pH 4.6 (WSN) and nitrogen soluble in 2.5 g/100 ml phosphotungstic acid (PTA-N) (Gripon et al. 1975) . All results obtained from nitrogen frac-tions were expressed as a percentage of total nitrogen (TN). All determinations were carried out at least in duplicate.
Additionally, proteolysis was studied by electrophoretic, peptide, and amino acid analysis as described by Sihufe et al. (2010a) . Some chromatographic conditions for the amino acid analysis were modified as follows. Soluble fractions in 2.5 g/100 ml sulfosalicylic acid (SSA-SF) were obtained from the water-soluble fraction at pH 4.6. Free amino acids were determined in SSA-SF using the derivatising procedure with o-phthaldialdehyde. The resulting solution was filtered through a disposable 0.2 µm filter before 10 µl were injected. An ISCO chromatography system (Isco, Inc., Lincoln, USA) was used, which consisted of model 2350 HPLC pump, model 2360/2361 gradient programmer, FL-2 fluorescence detector, and Chem Research 150 chromatographic data management/ system controller. A VARIAN (250 × 4.6 mm) C 18 , 100 Å column (Varian, Inc., Palo Alto, USA) at 40°C was used for chromatographic separations. Separations were carried out at a flow rate of 1.3 ml min using solvent A/tetrahydrofuran/methanol/0.05 mol/l sodium acetate(1 : 19 : 80), pH 5.9 , and solvent B: methanol/0.05 mol/l sodium acetate (80 : 20), pH 5.9 (Jones et al. 1981) . The gradient program was: initial composition 0% B, isocratic step at 0% B for 1 min, linear step to 14% B in 5 min, isocratic step at 14% B for 5 min, linear step to 50% B in 5 min, isocratic step at 50% B for 4 min, linear step to 75% B in 6 min, isocratic step at 75% B for 4 min, linear step to 100% B in 6 min, isocratic step at 100% B for 4 minutes. Amino acids were identified according to their retention times by comparison with a standard solution chromatogram.
Statistical analysis. ANOVA was based on the replicates of determinations. The enzyme treatment and the ripening time were selected as main factors for ANOVA. When differences between treatment effects were significant (P < 0.05), a multiple comparison of means was performed using the least significant difference (lsD) test. Principal component analysis (PCA) was used to reduce the dimensionality of the data obtained. Statistical analysis was carried out using the Minitab software (Minitab Inc., State College, USA).
REsUlts And disCUssion
Gross composition. Table 1 shows the initial composition of the 4 cheese enzyme treatments studied. The moisture content decreased with ripening time as expected for cheeses ripened without wrapping (Simal et al. 2001; Sihufe et al. 2007) . The direct addition of proteinases may increase the syneresis of curd, therefore it may decrease cheese yield (Mohedano et al. 1998) . However, in this case, although the level of the added enzyme significantly affected the moisture content, no clear trend was observed. It is worth mentioning that the moisture content values for control and experimental cheeses were similar at the end of the studied ripening period ( Table 2 ). The pH value may be increased in cheeses manufactured with enzyme addition due to the higher levels of proteolysis (Mohedano et al. 1998) . In this case, the pH values were not significantly affected by the level of carboxypeptidase. The pH values for all assayed samples were in the range of 5.29-5.50 (Table 2) , which were similar to those reported by other researchers for this type of cheese (Candioti et al. 2002; Hynes et al. 2003; Perotti et al. 2004) .
Nitrogen fraction analysis. The extent of proteolysis was evaluated by determining WSN and PTA-N as a percentage of TN (Figure 1 ). The fraction associated with WSN contains proteins, peptides, and amino acids, while nitrogen soluble in PTA consists of free amino acids and small peptides. Values determined in control cheeses were similar to those reported by other authors for Reggianito cheese (Candioti et al. 2002; Hynes et al. 2003; Perotti et al. 2004) .
Various authors used nitrogen indices to study the effect of enzyme addition on cheese proteolysis. Azarnia et al. (2010) investigated the proteolysis in enzymemodified Cheddar cheese with added natural enzyme or recombinant aminopeptidase in the presence of a commercial proteinase. These authors did not observe any significant differences in WSN fraction between the control and experimental cheeses. However, they observed higher levels of PTA-N fraction in cheeses manufactured with exogenous enzymes. Azarnia et al. (2011) also studied the effect of free and encapsulated recombinant aminopeptidase on the Cheddar cheese proteolysis. They did not observe any significant differences in WSN fraction between the studied cheeses but they observed higher levels of PTA-N fraction in experimental cheeses, particularly in those with encapsulated enzymes. Kilcawley et al. (2012) evaluated the effect of the addition of enzyme preparations on Cheddar cheese ripening. They found that Accelerzyme ® CPG 
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Figure 2. Urea-PAGE electrophoretogram for Reggianito cheeses manufactured with different amounts of carboxypeptidase and ripened during 60 days 1 = a s1 -casein standard; 2-3 = cheese C; 4-5 = cheese E1; 6-7 = cheese E2; 8-9 = cheese E3; 10 = b-casein standard added immediately after rennet addition at a dose rate of 7.5 ml per 100 l of milk (CPG cheeses) did not impact on the levels of WSN and PTA-N in comparison with a control at any ripening time studied. In our study, it was in agreement with this data. Electrophoretic analysis. A typical urea-PAGE electrophoretogram is shown in Figure 2 . Casein fractions are labelled according to Sihufe et al. (2010a) . Standards allowed the identification of the a s1 -and b-casein fractions by mobility comparison, and g-and a s1 -casein f24-199 (or a s1 -I-casein) were identified according to Marcos et al. (1979) and McSweeney et al. (1994) . Table 3 shows the average values and standard deviations of integrated optical density (IOD) for all the fractions evaluated during the ripening of Reggianito cheese. According to previous works (Sihufe et al. 2003 (Sihufe et al. , 2010a , F1 and F2 may be products of b-casein degradation, while the fraction F3 may be associated with products of a s1 -or a s1 -I-casein degradation. Fractions corresponding to the most important caseins (a s1 -, a s1 -I, or b-casein) were significantly affected by the levels of added enzyme and ripening time, the most extensive degradation being observed for b-casein during the first 2 months of ripening ( Figure 2 and Table 3 ). These results are very interesting taking into account that carboxypeptidases are essential for promoting extensive protein hydrolysis and prevention of bitterness (Gobbetti et al. 1997; Forde & Fitzgerald 2000) . It is worth mentioning that urea-PAGE helps detecting changes in the intact caseins and their primary proteolytic degradation products during ripening. In this case, it can be hypothesised that carboxypeptidase catalyses the hydrolysis of Table 4B . Average concentrations and standard deviations (mg/100 g cheese) of free amino acids (alanine, tyrosine, methionine, phenylalanine, isoleucine, leucine, lysine) and total amino acids determined during the ripening of Reggianito cheese 57.5 ± 1.4 bc 66.4 ± 0.6 bc 181.5 ± 4.9 bc 288.1 ± 5.6 bc 1518.7 ± 36.9 bc b-casein from the C-terminal and changes its charge, hydrophobicity, and size. Unfortunately, there is a lack of information about urea-PAGE to study b-casein degradation by the action of carboxypeptidase. Peptide analysis by RP-HPLC. The chromatograms of the water soluble fraction at pH 4.6 are often referred to as 'finger prints' of the cheese proteolysis (Pripp et al. 1999 ). In our case, the regular peptide profile of Reggianito cheese was not substantially modified by the carboxypeptidase action. Twentyeight chromatographic peaks were determined by RP-HPLC, which were present in all the analysed samples. Sixteen peaks were significantly affected by the amount of enzyme added during cheese manufacture, while all 28 peaks were significantly affected by ripening time. This result indicates the significance of the influence of the amount of added enzyme. The obtained large multivariate data set will be more easily interpreted by principal component analysis.
Free amino acid analysis. Seventeen amino acids were determined in 40 min of the chromatographic run. ANOVA highlighted that the ripening time and the amount of enzyme used during cheese manufacture significantly affected the concentrations of all the amino acids studied. Similar to Sihufe et al. (2010a) , amino acids Lys, Glu, Leu, and Val were present at the highest concentrations and represented more than 50% of total amino acids at the end of the ripening period in all the cheeses analysed.
High amino acid concentrations were observed in some cheeses manufactured with exogenous enzymes compared with control cheeses at the same ripening time (Table 4A and B). Such behaviour can be clearly observed in cheeses E1 at 60 and 150 days of ripening, in cheeses E2 at 120 and 150 days of ripening, and in cheeses E3 at 120 and 180 days of ripening. These results are in agreement with those reported by Azarnia et al. (2011) , who observed increased levels of free amino acids in Cheddar cheeses manufactured with free exogenous aminopeptidases. Kilcawley et al. (2012) concluded that the carboxypeptidase activities during ripening in cheese with added carboxypeptidase were significantly higher than in control cheese. However, the levels of total free amino acids of CPG cheeses were not significantly different from those corresponding to control cheeses at the same ripening time.
It is worth mentioning that the comparison of amino acid concentrations should be analysed taking into account that amino acids can also be degraded to catabolic products after their formation. Therefore, it may be difficult to observe higher amino acid concentrations in cheeses manufactured with exogenous enzymes at all ripening times. Thus, in the case of the cheeses manufactured with the higher enzyme level, low amino acid concentrations were also clearly observed in some cases (cheeses E3 at 150 and 210 days of ripening) compared with control cheeses at the same ripening time (Table 4) .
Principal component analysis. Principal component analysis (PCA) was used to summarise the data set and to detect possibly unanticipated patterns in the data. PCA was applied using the nitrogen content of the 2 studied fractions (WSN & PTA), 7 electrophoretic fractions analysed by urea-PAGE (γ-caseins, β-casein, F1, F2, α s1 -casein, α s1 -I-casein, and F3), 28 chromatographic peaks from the RP-HPLC analysis of the water-soluble fraction at pH 4.6, and of the 17 free amino acids studied. After using PCA with all samples, a subset of samples was selected excluding samples corresponding to 0 and 210 days of ripening to improve the analysis of the information. The first 4 principal components represented more than 70% of the total variance (73.2% VAR).
A biplot of the first 2 principal components (61.1% VAR) is shown in Figure 3 . The first principal component PC1 (that explains 50.1% of the variance) can be interpreted by the behaviour of the chromatographic areas of most of the peptides and the concentration of the free amino acids which can clearly be related to the ripening process. Those variables increased with ripening time within the same treatment (in Figure 3 , samples corresponding to the same treatment spread from left to right as the ripening time increases). Moreover, this effect can be observed in a cluster structure since all samples corresponding to the same ripening time but to different treatments are positioned close together.
The second principal component PC2 (that explains 11% of the variance) has a quadratic effect with respect to the PC1, having higher score values at the beginning and at the end of the process with a minimum in the middle region (Figure 3 ). This second component differentiates the treatments. Control cheeses at 60 days of ripening showed notably higher β-casein IOD values than those values corresponding to experimental cheeses at the same ripening time (Table 3) . Similarly, but less pronounced, α s1 -casein IOD values were higher in control cheeses, while α s1 -I-casein IOD values were lower in control cheeses than in experimental ones (Table 3) . However, the association of PC2 with the level of added enzyme in the case of cheeses E3 at 180 days of ripening was not definite.
Finally, the biplot also showed that for the same ripening time, some cheeses made with carboxypeptidase are slightly on the right from the samples corresponding to control cheeses, indicating an increase in the rate of formation and/or degradation of proteolysis products. Kilcawley et al. (2012) studied the effect of enzyme addition on rheological properties of cheese by the texture profile analysis and found no statistical difference between control and CPG cheeses for any sensory texture attribute. They found that CPG cheeses were associated with sensory characteristics of aged Cheddar. Moreover, the authors related the greater diversity of volatile compounds in the experimental cheeses partially to the enhanced levels of secondary proteolysis that provided an additional nitrogenous substrate. Therefore, in our case no adverse impact on cheese sensory characteristics was expected because the secondary proteolysis was not extremely accelerated.
At present, little is known about the manufacture of Reggianito cheese with the addition of exogenous enzymes. Therefore, this study can be considered as the first early stage and it will allow focusing on complementary studies (sensory studies, rheological studies, etc.) and on confirmatory experiments more easily.
ConClUsions
The impact of the addition of an exogenous carboxypeptidase enzyme during the manufacture of Reggianito cheese was evaluated by assessing its impact on composition and proteolysis during ripening. Fractions corresponding to the most important caseins were significantly affected by the level of added enzyme and ripening time, the most important effect being observed for b-casein in the first 2 months of ripening. The amino acids Lys, Glu, Leu, and Val were present at the highest concentrations in all analysed cheeses. An increase of amino acid concentrations was clearly observed in some cheeses manufactured with exogenous enzymes compared with control cheeses at the same ripening time. The principal component analysis summarised the information related to proteolysis determinations. The first principal component accounted for 50.1% of the total variance and it was clearly related to the ; numbers correspond to days of ripening; labels starting with p followed by a number indicate peaks from the peptide chromatographic analysis ripening process. Useful information was obtained from the biplot of the first 2 principal components. A slight acceleration in proteolysis was observed when comparing the position of samples corresponding to control and experimental cheeses. The use of carboxypeptidase appears to be an interesting option to accelerate ripening of Reggianito cheese, but complementary studies such as sensory evaluation are necessary. This study will allow focusing on confirmatory experiments more easily regarding the enzyme addition to accelerate the ripening of hard cheeses.
